Stabilnost nuklearne elektrane Krško by Simona Savšek-Safić et al.
UDK 621.311.25-78(497.4):621.039.73:528.482.02
Struèni èlanak
Stability of the Krško Nuclear Power Plant
Simona SAVŠEK-SAFIÆ – Ljubljana1, Klemen SKUBE – Ljubljana2
Matej TACER – Fort Worth3, Toma% AMBRO'IÈ – Ljubljana4
ABSTRACT. The Krško Nuclear Power Plant (NEK) is of strategic importance for
the Republic of Slovenia, producing electricity for users in Slovenia and Croatia. It
generates over five billion kWh of electrical energy per year, which represents appro-
ximately 40% of the total electricity produced in Slovenia and approximately 17% in
Croatia. The high level of security in NEK is of high importance; therefore a compre-
hensive supervision of structures is carried out. A special attention is given to the se-
curity systems, including the measurements of vertical displacements of benchmarks
and measurements of horizontal displacements of the dam on the Sava River. Perio-
dic geodetic observations are carried out on important technological structures com-
prising the nuclear island, the Sava River dam and the nuclear waste storage. The
article aims at representing the results of geodetic observations for determination of
stability and operational security of this important structure.
Key words: nuclear power plant, electricity, nuclear safety, security systems, geodetic
technical observations, benchmarks, control points, vertical and horizon-
tal displacements, stability.
1. Introduction
The first research in the Krško plain was carried out by the working group of the
Business Association of the Energy Sector of Slovenia in the period 1964–1969,
when the area was chosen as the potential location for a nuclear power plant. The
investors of the first nuclear power plant were Savske elektrarne Ljubljana com-
pany and Elektroprivreda Zagreb, which, jointly with a group of investors, carried
out the preparation works, the tender and selected the most advantageous bidder.
In August 1974 the investors signed the contract specifying the purchase of
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equipment and building of nuclear power plant of net electrical output of 696 MW
with the US company Westinghouse Electric Corporation; design engineering was
performed by Gilbert Associates Inc., the contractors on the building sites were
domestic Slovenian and Croatian companies Gradis and Hidroelektra, and the
assembly was performed by Hidromonta?a and Ðuro Ðakoviæ. The foundation
stone for the Krško Nuclear Power Plant (in continuation referred to as NEK)
was laid on December 1, 1974. In January 1984 NEK acquired the full operation
permit (URL 1).
NEK has been in commercial operation for more than 20 years. In this time the
basic expectations, safety and stability objectives have been fulfilled, as well as
those related to competitiveness of electricity production as compared to other
energy sources, and public acceptability. Regarding the standards of nuclear sa-
fety and stability, NEK is today in the top 25% of operational nuclear power
plants in the world (URL 1).
Energy has been a key factor in human life and development. One of the most
important forms of energy is electricity. All over the world, electricity consum-
ption has increased in line with the level and speed of socioeconomic deve-
lopment. Over the last ten years, electricity consumption in the European Union
countries has increased by an average of two percent per year. Slovenia and
Croatia are no exception and they currently register an average annual growth in
consumption of 3 percent (URL 1). Electricity is produced in power plants using
different sources, such as fossil fuels, nuclear fuels, water, biomass and solar
energy.
The available sources of primary energy used to produce electricity are running
out or have largely been used up. It is therefore reasonable to exploit all available
sources. The environmental requirements in electricity production in conventio-
nal thermal power plants are becoming more and more demanding. Air pollution
has become a global problem. The reliability of the electricity supply is also beco-
ming an increasingly serious issue for national economies. Electricity cannot be
imported in unlimited quantities and a high degree of independence in the energy
supply is vital.
In NEK the high level of nuclear safety is important. An overall supervision
of facilities, equipment and systems is performed, with a special emphasis
on the security systems. Part of the security systems comprises technical
observations performed by different contractors. These works include (Skube
2006):
– observation of damages and ruptures on structures,
– measurements of ruptures and their impact,
– dilatation measurements,
– geotechnical report,
– coordination of observation program,
– measurements of vertical displacements of benchmarks, and
– measurements of horizontal displacements of the dam.
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2. Technical observations of security facilities
As early as during the design and the construction of NEK, the design for stabili-
sation of benchmarks on the structures of the nuclear island, turbine building
and cooling tower was made, as well as a scheme of the observation of vertical
and horizontal displacements. The observations are performed on important tech-
nological structures. However, the program of technical observations also inclu-
des other structures which are considered important and demanding as to their
function and construction, and are therefore in need of close systematic monito-
ring (Kogovšek 1990).
The observations of vertical displacements are performed in the following struc-
tures of the technological part of NEK: nuclear island, diesel generator, turbine
building, the Sava River dam, the cooling water pumping facility, the cooling wa-
ter outflow facility, cooling towers, essential services pump house and fire service,
essential service water discharge structure, water decarbonisation building, demi-
neralised water reservoir, reactor feedwater reservoir, condenser reservoir, neu-
tralisation pool, radiological protection building, radioactive waste storage, decon-
tamination area, and transformer foundation. The observations of horizontal di-
splacements are performed, in the line with the Regulation of technical monito-
ring of large dams, on the Sava River dam only.
The most important objects from the aspect of radioactive and nuclear safety are
the nuclear island, the Sava River dam and the radioactive waste storage.
• The Nuclear Island includes the reactor and the auxiliary reactor building. The
reactor is the central building of the major generating facilities, composed from
the outer reinforced concrete shield structure, steel containment building, in-
ner reinforced concrete building and the fundations. The auxiliary reactor buil-
ding is made of shield, auxiliary building, annulus area, the control room, fuel
building, and cooling system building. There are 29 benchmarks positioned on
the nuclear island for the determination of vertical displacements.
• The Sava River dam has been built to ensure the minimum Sava River water
level and thus enable the water pumping for cooling. The dam has six 15 m wi-
de spillways. To ensure earthquake stability the dam is split into two large con-
crete frame structures. The structure height is 15.5 m and is therefore conside-
red as large dam, as defined by international standards, and needs to be techni-
cally monitored. 19 benchmarks have been stabilised on the dam to determine
vertical displacements, and 7 control points to determine horizontal displace-
ments. Along the outlet, there were stabilised 5 reference observation points
with concrete pillars.
• Radioactive waste storage is a one-storey reinforced concrete building for tem-
porary storage of radioactive waste which is the product of the technological
processes and maintenance of NEK. There are 6 benchmarks built in to deter-
mine vertical displacements of the building.
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3. Point stabilisation and measurements
3.1 Height network
The reference benchmark R100 (Figure 1) at the radioactive waste storage is sta-
bilised with a deep concrete pillar with a longitudinal plate, metal rod and a pro-
tective cover. To the east and west of the NEK plateau there are two reference
benchmarks RII and RIV stabilised (Figure 2), which are built in horizontally in-
to the reinforced concrete monitoring masts with deep underground foundations.
The control points in the structures are stabilized in the centre of the structure,
so that they move together with the structure. In the outside areas of NEK’s
structures, the low benchmarks were built into the walls, however, inside, the
benchmarks were mostly stabilised on the ground.
The measurements were performed with the precision digital levelling instru-
ment Leica 3003. We mostly used two 3 m GPCL3 invar code levelling rods, which
are regularly calibrated. If, in the case of barriers, the GPCL3 rods were not ap-
plicable, we used the GPCL2, GWCL92 and GWCL182 invar code levelling rods or
the GWCL60 invar code scale. Besides the instrument and rods, we used other
equipment necessary to the measurements: tripod, two rod stands, footplates, sca-
le, thermometer and flashlight.
The geometric levelling method using the levelling from the centre was perfor-
med. By tying the points to the benchmark having a known height in the absolute
sense, the heights above sea level are determined for the points. The geometric le-
velling is considered as the most precise surveying method, since the measuring
procedure is relatively simple, and the geometric levelling theory has been inve-
stigated in detail. The main advantage of levelling from the centre is that the di-
stances between the instrument and the rod behind and in front are as equal as
possible. This enables the elimination of the majority of systematic errors
(non-horizontal line-of-sight, influence of levelling refraction and Earth's curvatu-
re). The errors due to subsidence or lifting of the tripod and the footplate were eli-
minated by this method as well, too (Skube 2006).
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Figure 1. Stabilisation of benchmark
R100.
Figure 2. Stabilisation of benchmark
RIV.
The temperature dependency of the graduation interval on the levelling rod is si-
gnificant, especially in measurements of high precision. However, the error is
small and of systematic character. The linear expansion coefficient of the invar
scale of rod  is given by the manufacturer or determined separately by compari-
son. The temperature correction is defined by the following equation:
l T Tt ( ),0 (1)
where
T is the actual temperature,
T
0
20  is the reference temperature and
   0 6 10 6 1. K is the linear extension coefficient of the invar scale.
The correction of the height difference due to the temperature correction and the
correction of rod graduation (gained with comparison) had an insignificant im-
pact to height differences, since their value was below 0.01 mm, being much less
than the measurement accuracy, which is 0.2–0.5 mm. The cause of such minor
corrections is the small height differences between the measured benchmarks in
the power plant area and the relatively small differences between the actual tem-
peratures and the reference temperature. The correction error of the fifth rod or
error of the first line of the graduation is the systematic error that was eliminated
so that in the initial and end benchmarks always the same rod was used (Skube
2006).
3.2 Horizontal network
The reference points of the base network for performance of measurements are
stabilised with concrete pillars, representing the conventional stabilisation of geo-
detic points for deformation measurements. The chosen stabilisation enables for-
ced centring of the instrument and the reflector – Leica Wild system.
Stabilisation of control points on the dam also enables forced centring of the re-
flector – Leica Wild system. The control points were screwed into the concrete ba-
se, where the footplate can be fitted with the prism mount, which, in turn, ena-
bles horizontal alignment. Figure 3 shows the stabilisation and signalisation of
the reference and control points.
In the Krško micro trigonometric network the classic terrestrial surveying
was chosen. The measurements were performed with the precision of electronic
total station Leica TC2003 intended for precise angle and distance measurements
in precision terrestrial geodetic networks (Savšek-Safiæ et al. 2007). Forced cen-
tring of the instrument, signalisation of measuring points and measurement of
meteorological parameters were performed by tested and calibrated supplemen-
tary equipment (reflectors, footplate with reflector mounts, psychrometer, baro-
meter).
For determination of horizontal coordinates of reference and control points trian-
gulation/trilateration methods were used. In this way a large number of re-
dundant observations are obtained, ensuring higher accuracy and reliability of
control point position. For reduction of distances, the trilateration method uses
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the levelled above-sea-level heights of reference and control points. The coordi-
nates of reference points are determined in order to establish their positional
stability and determination of the geodetic datum of the network. The horizontal
angles are measured according to the sets of angles method, both ways between
the reference points and in one-way to the control points. Slope distances and
zenith angles were measured simultaneously. The method enables the identifi-
cation of statistically significant horizontal displacements of control points on the
dam.
4. Determination of the geodetic datum and adjustment
4.1 Height network
The geodetic datum of the height network is realized by reference benchmarks
R100, RII and RIV, which have a known above-sea-level heights. In four years, a
displacement occurred between the reference benchmarks of the order of 1 mm,
which was too large considering the 0.1 mm accuracy requirement.
To solve this problem the adjustment proceeded in two steps. Firstly, based on
the given benchmark R100, we adjusted the remaining reference benchmarks RII
and RIV. In this way a better global estimate of accuracy was obtained. Then, as a
second step, benchmark R100 and both adjusted reference benchmarks RII and
RIV were taken as given values and the entire height network could be adjusted.
With the procedure of two-step adjustment we obtained information on relative
displacements between reference benchmarks and their applicability in future
measurements.
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Figure 3. Stabilisation and signalisation of the reference and control points.
4.2 Horizontal network
The geodetic datum of the horizontal network is determined by two given assu-
mingly stable points – reference points O1 and O5. To preserve the identical net-
work geometry, as well as measurement and observation methods, the reference
points were first tested for stability. The comparison of changes in coordinates
between the last campaigns indicated that pillars O1 and O5 were statistically
stable. In this way, the determination of the datum in the network enables us to
determine the statistically significant displacements of control points with a hi-
gher probability (Savšek-Safiæ et al. 2007).
The horizontal coordinates are calculated into the existing local co-ordinate
system of the network to the level of the lowest point (reference point O4). The
observations are tested for the potential presence of gross error, following the Da-
nish method. The input data for the horizontal adjustment are the reduced avera-
ges of three sets of angles and the slope distances reduced to the chosen level. The
reduction of distances took into account the instrumental, meteorological, geome-
tric and projection corrections (Kogoj 2005). The zenith angles were observed to
establish the height stability of the reference and control points. The observations
in the horizontal network were adjusted following the method of indirect observa-
tions. First, the adjustment of the free network is performed, thus gaining an un-
biased estimate of observations, then the network is adjusted as a constrained
network, where the geodetic datum is determined by two statistically stable refe-
rence points O1 and O5. The results of the horizontal adjustment are the most
probable values of horizontal coordinates of measuring points in the local system
with the corresponding accuracy estimates.
5. Stability of safety buildings
5.1 Testing of vertical displacements
The basis to determine the displacement of a building is to determine the changes
of position of points on the building. We can talk about the point displacements
between two epochs, when the statistically significant displacements are identi-
fied for the identical points, measured in two epochs. After the two-epoch adju-
stment, we can determine point displacement using the corresponding displace-
ment accuracy. In practice, a test for determination of statistical significance of
the displacement is often used, as the relation between the displacement and the







where the vertical displacement is calculated as:
dH H Ht t t  , (3)
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and the variance of the vertical displacement as:
  dH H Ht t t
2 2 2 

. (4)
The test statistic (2) is tested for the given null and alternative hypotheses:
H dH
0
0: ; the point has not moved between the two epochs, and
H dHa : ;	 0 the point has moved between the two epochs.
The test statistic (2) is compared related to the critical value calculated on the ba-
sis of the cumulative distribution function. It is calculated for the displacement of
each point between the single campaigns, assuming that the point displacements
are distributed normally. If the test statistic is lower than the critical value at the
chosen significance level , the risk to reject the null hypothesis is too high. In
such case we can establish that the displacement is statistically non-significant.
However, if the value of the test statistic is higher than the critical value, then it
can be established that the risk to reject the null hypothesis is smaller than the
chosen significance level . The null hypothesis can be justifiably rejected and we
can confirm that the displacement is statistically significant.
To support our decision, we calculate the actual risk of rejecting the null hypo-
thesis. The actual risk T is calculated from the cumulative distribution function
at the calculated value of the test statistic T. The actual risk of rejecting the
null hypothesis is compared to the test significance level . The user decides
whether the risk is acceptable or not, according to the actual risk and consequen-
ces of making the wrong decision. According to the decision, a point displacement
is considered as statistically significant or non-significant (Savšek-Safiæ et al.
2003).
We tested the significance of vertical displacements of control points on the
Sava River dam between the epochs in the period between December 2003 and
October 2007. During this period nine measurement campaigns have been com-
pleted.
Table 1. Cumulative vertical displacements of control points on the Sava River dam











H1 0.7 0.5 1.41 2.58 16.00
H2 1.3 0.5 2.72 2.58 0.65
H3 1.7 0.5 3.50 2.58 0.05
H4 0.6 0.5 1.23 2.58 21.81
H5 1.8 0.4 4.10 2.58 0.00
H6 2.0 0.4 4.83 2.58 0.00
H7 1.3 0.4 3.18 2.58 0.15
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Between the respective campaigns between December 2003 and October 2007
there were statistically significant vertical displacements practically on all control
points of the order of 
 3 mm. These displacements between the campaigns were
of significant periodic character. For the period of 4 years cumulative vertical di-
splacements weren’t statistically significant for control points H1 and H4, since
the test statistic in these two points did not exceed the critical value, as shown in
Table 1. The dam is subjected to the great forces of the Sava River, therefore it se-
ems logical that such considerable vertical displacements between campaigns oc-
cur, however, in a longer time period.
5.2 Time line of vertical displacements of control points on the Sava River dam
The function of change of the value of impact was shown with the deformation
model. For all benchmarks in the height network, where we identified a displace-
ment at a certain test significance level, the graph representing the change of the
benchmark height as a function of time.
Control point H5 was chosen as the representative point of the construction.
Other points on the Sava River dam behave similarly.
The displacement between two consecutive campaigns is interpolated by a linear
function. The accuracy of displacement determination, calculated at the chosen
test significance level  1% (standard displacement deviation multiplied by
2.576), is shown by the vertical line.
The illustrated displacement and corresponding standard deviations of displace-
ments between December 2003 and October 2007 show that the displacements
are statistically significant at the chosen significance level. Due to the obvious pe-
riodicity of displacements, however, the cumulative displacements are not stati-
stically significant. After December 2005 it can be established that the displace-
ments and cumulative displacements are statistically non-significant.
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Figure 4. Displacements of the benchmark H5 during period of 4 years.
5.3 Testing the horizontal displacements
In the area of NEK the horizontal stability of the Sava River dam is investigated
based on nine consecutive epochs. In December 2003, the transition to a new way
of measurements (measurement method, instrument, network geometry) and the
determination of a new geodetic datum in the micro network of Krško enabled a
higher reliability of determination of statistically significant displacements. After
the adjustment of at least two epochs, it is possible to determine the displacement
of point d and displacement variance d
2 by the following equations
d y x y y x xt t t t t t         
2 2 2 2( ) ( ) , (5)
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are elements of covariance matrix of coordinates of
identical points in time t and t t .








It is important to note that the calculated displacement is not a linear function of
variables y and x, therefore the test statistic (7) is not normally distributed.
The probability function for the test statistic (7) is determined empirically with
simulations, and then compared to the critical value considering the chosen
significance level . Displacements can be identified as statistically significant
according to the distribution of test statistic and chosen significance level 
(Savšek-Safiæ 2002).
The null and alternative hypotheses are tested by the test statistic:
H d
0
0: ; the point has not moved between the two epochs, and
H da : ;	 0 the point has moved between the two epochs.
The test statistic (7) is compared against the critical value calculated from the si-
mulated distribution function. If the test statistic is smaller than the critical va-
lue at the chosen significance level , the risk to reject the null hypothesis is too
high. In such case, we assume that the displacement is statistically non-signifi-
cant. If the test statistic is higher than the critical value, the risk to reject the null
hypothesis is smaller than the chosen significance level . Therefore, the hypothe-
sis is justifiably rejected and we can confirm the statistical significance of the di-
splacement.
The significance of horizontal displacements of control points on the Sava River
dam between the campaigns performed from December 2003 to October 2007 was
tested. Therefore nine consecutive epochs are investigated.
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Table 2. Cumulative horizontal displacements of control points on the Sava River dam











H1 4.8 0.9 5.60 2.96 0.00
H2 0.4 0.5 0.67 2.88 76.26
H3 0.8 0.8 0.98 2.87 56.39
H4 0.6 0.9 0.65 2.87 77.40
H5 0.4 0.6 0.77 2.84 69.74
H6 1.2 0.6 2.15 2.82 6.21
H7 1.4 0.9 1.58 2.80 21.08
It has been established that in the campaigns performed between December 2003
and October 2007 in most cases points H1 and H7 show significant displace-
ments, on average between 4 and 7 mm, with the standard deviation of 1–1.5 mm.
When the cumulative displacement in a period of four years is observed, we can
see that the actual cumulative displacements are much smaller than the periodic
seasonal displacements, that is, between the spring and autumn campaigns. Ta-
ble 2 shows that, at the chosen significance level  1%, only point H1 can be re-
garded as having a significant displacement. The displacement is statistically si-
gnificant (4.8 mm). The displacements in other points cannot be considered as
statistically significant, since the displacements are too small.
5.4 Time line of horizontal displacements of control points on the Sava River dam
The time line of horizontal displacements of points on the Sava River dam was re-
presented with the displacements of control points and corresponding relative di-
splacement ellipsoids referring to the two-epoch displacements. The relative di-
splacement ellipsoids are calculated form the point determination accuracy in a
single epoch.
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Figure 5. Illustration of control point H5 displacement in a period of four years.
Figure 5 shows the displacement of the control point H5 in time. The displace-
ments between different campaigns are between 0.5 mm and 1.8 mm. In the anal-
ysis of horizontal displacements, the periodicity of point displacements on the Sa-
va River dam is observed. Figure 5 shows the relative displacement ellipsoid bet-
ween two campaigns (Dec. 03 and Sept. 04), calculated at the chosen significance
level  1% (the axis lengths of the standard ellipsoid multiplied by 3.035), which
was the smallest of all relative displacement ellipsoids, so we drew it in the centre
of control point displacements. The figure shows that the displacement of control
point H5 is not statistically significant at the chosen significance level.
6. Conclusions
Due to its strategic importance, NEK is subjected to detailed estimates of building
stability and its operational security. Periodic geodetic measurements take place on
the NEK grounds, determining the vertical and horizontal displacements of bench-
marks and control points on structures and devices. The most important structures
regarding radiation and nuclear safety are the nuclear island, the dam on the Sava
River and the radioactive waste disposal facility. Due to the changes in measurement
techniques and a more comprehensive approach to defining displacements, the mea-
suring campaigns of the last four years were used, since they can be quantified ensu-
ring a high level of reliability in terms of displacement determination. The results ac-
quired were included in annual reports which are part of mandatory technical obser-
vations done on NEK structures. The interpretation of displacement trends has be-
en, from the safety standpoint, of importance and interest for the general public.
On most structures involved in all nine campaigns, periodic displacement changes
were found, meaning that the vertical displacements were positive as well as ne-
gative. In the summer months the benchmarks were usually positive, and in win-
ter months they were negative.
In the last four years, a large vertical displacement (up to 5 mm) occurred at least
once on all three structures. A large displacement (up to 5 mm) occurred on the
nuclear island in the August 2005 campaign, but in the next compaign in Decem-
ber 2005 benchmarks returned to their previous level. The displacement has not
been entirely explained. The situation is not a critical one, since no damage was
found on the structures, also, already in the next campaign it was recorded that
the benchmarks moved back by approximately the same value.
The Sava River dam has a specific place among NEK buildings, since it is subjected
to the great force of the Sava River flow and to the differences in filling and
emptying the reservoir, i.e. the difference between high flow and low flow. Periodi-
cally larger displacements of the entire dam are to be expected. The vertical displace-
ments are of highly periodic character and are quite considerable compared to
benchmark displacements on other structures. The largest vertical displacements are
recorded during consecutive measurements exceeded 3 mm. When estimating the cu-
mulative vertical displacements of the benchmarks on the dam in a period of four ye-
ars, it is established that the displacements are not statistically significant. Similarly,
the outermost control points H1 and H7 on the dam in consecutive campaigns show
periodic horizontal displacements from 4 to 7 mm, while the displacementc of other
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control points cannot be regarded as statistically significant. By taking into conside-
ration the cumulative horizontal displacements of control points in the period of four
years, it can be concluded that the displacements are very small. Only the cumulati-
ve displacement of point H1, nearly exceeded 5 mm, which is, from the aspect of per-
missible displacement deviations for nuclear power plant structures, negligible.
The displacements of benchmarks on the radioactive waste disposal facility are
highly periodic, and the values are from –2.8 mm to 3 mm at the most critical
benchmark R49. A considerable displacement occurred in the campaign of August
2005. The cause, considering the lack of damage on the building, remains un-
known. In the next campaign it was recorded that the benchmark returned to its
previous level. The displacements of the remaining benchmarks are within 
 2.2
mm. Statistically significant vertical displacements were identified between the
first and last campaigns, and their value was, compared to that between the con-
secutive campaigns, much smaller.
Another possible explanation of the recorded periodic displacement changes of the
benchmarks is the groundwater level of the Krško polje. This could be monitored
with piesometers. Additionally, the periodic displacement changes could be deter-
mined more reliably if the height network, i.e. reference benchmarks, were tied to
the stable surroundings.
The values of maximum permissible displacements are defined based on the type of
construction and land type, and they are from 7.5 cm for brick buildings to 30 cm
for heavy concrete buildings (Kogovšek 1990). Since the displacements are, with
the rare exceptions, smaller than 
 2.0 mm, the displacements were identified as
non-significant. In general, the buildings in the NEK grounds are stable, conside-
ring the maximum permissible displacements of benchmarks and control points.
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Stabilnost nuklearne elektrane Krško
SA<ETAK. Nuklearna elektrana Krško (NEK) je za dr>avu Sloveniju objekt od izu-
zetnog strateškog znaèaja, koji snabdijeva korisnike u Sloveniji i Hrvatskoj. Go-
dišnja proizvodnja iznosi preko 5 milijardi kWh elektriène energije, što predstavlja
pribli>no 40% ukupne proizvodnje elektriène energije u Sloveniji i 17% u Hrvatskoj.
U NEK se zahtjeva iznimno visok stupanj sigurnosti, stoga se izvodi cjelovit nadzor
pojedinih objekata i postrojenja. Posebna pozornost je namijenjena sigurnosnim su-
stavima, meðu koje ubrajamo i mjerenja vertikalnih pomaka repera i horizontalnih
pomaka brane na Savi. Periodièna geodetska opa>anja se izvode na objektima, koja
po kategorizaciji spadaju u najviši sigurnosni razred koji obuhvaæa nuklearni otok,
branu na Savi i skladište radioaktivnih otpadaka. U radu >elimo prikazati va>nost
geodetskih mjerenja za utvrðivanje stabilnosti i sigurnosti rada tog va>nog objekta.
Kljuène rijeèi: nuklearna elektrana, elektrièna energija, sigurnosni sustavi, geodet-
ska mjerenja, reperi, kontrolne toèke, vertikalni i horizontalni pomaci,
stabilnost.
Prihvaæeno: 2008-02-29
22 Savšek-Safiæ S. i dr.: Stability of the Krško Nuclear Power Plant, Geod. list 2008, 1, 9–22
